Abstract. Tynsong H, Tiwari BK, Dkhar M. 2018. Plant diversity of Betel Leaf Agroforestry of South Meghalaya, Northeast India. Asian J For 2: 1-11. Large areas of lowland tropical forests of South Meghalaya have been converted into betel leaf agroforestry systems by the tribal people living in the area. The betel leaf agroforestry with diverse and structurally complex shade canopies conserve a significant portion of the original forest biodiversity. The impact of land use change on the biodiversity was studied using standard vegetation analysis and biodiversity estimation methods. A total of 160 plant species were recorded in natural forests out of which 75 were trees, 40 shrubs, and 45 herbs, while in betel leaf agroforestry, a total of 159 plant species, 94 trees, 17 shrubs and 48 herbs were recorded. A total of 34 tree species, 13 shrub species, and 14 herb species were common in both the land uses. All the plant species were native species. The study revealed that the conversion of natural forest to betel leaf agroforestry in South Meghalaya has no significant impact on tree and herb diversity. However, the basal area and density are affected to some extent. The land use change has also affected the density and diversity of shrubs. The study concludes that betel leaf agroforestry in South Meghalaya developed by the indigenous War Khasi tribe through experiential learning over several generations has emerged as a fairly sustainable agroforestry system causing minimal impact on plant diversity.
INTRODUCTION
Biodiversity cannot be conserved effectively if conservation strategies are restricted to protected natural ecosystems alone (Moguel and Toledo 1999) . Ryan (1992) reported that there are only about 7000 protected areas in the world, covering approximately 650 million ha, which represent less than 5% of the earth's land surface. The rest of the terrestrial environment is affected by human activities, including agriculture and other developmental works. Most ecology and biodiversity-related researches focusing on undisturbed ecosystems, human impacted and managed ecosystems have not received due attention needless to say agroforestry, home gardens, polycultures that are part of the indigenous agricultural practices contributing a great deal in biodiversity conservation (Toledo 1990; Tynsong and Tiwari 2011) . Toledo et al. (1994) and Tiwari et al. (2017) reported that there is increasing evidence that the mosaic structure of landscapes under indigenous and local knowledge-based management systems maintain and even improve biodiversity. Forest ecosystems can range from little-disturbed natural forests to agro-industrial, monospecific plantations. Between these two extremes is the traditional agroforestry under indigenous management, which combines relatively high and sustainable economic benefits with a seemingly diversified, productive system. The area under natural and semi-natural forests is decreasing by 13 million ha annually (FAO 2006) . Contrary to this, the average annual rate of forest plantation establishment is 5 million ha (FAO 2014) . There are indications that the area under agroforestry systems will continue to increase, making it important to assess its potentials to fulfill biological conservation as well as its economic purpose. The question is whether agroforestry systems can harbor biodiversity which is similar to that in natural forests or not.
Northeastern India is a part of the Indo-Burma biodiversity hotspot harboring about 50% plant biodiversity of India (ca. 8000 species), of which 31.58% (ca. 2526 species) is endemic (DE, MEDHI 2014) . The region is rich in orchids, ferns, oaks (Quercus spp.), bamboos, rhododendrons (Rhododendron spp.), magnolias (Magnolia spp.) etc. According to Conservation International (2011), Indo-Burma is the most threatened hotspot with 5 % original habitat is remaining. Threats to species, sites, and landscapes are immediate and severe (Baltzer et al. 2001; Nooren and Claridge 2001; IUCN 2011 ). The combination of economic development and an increasing human population is exerting enormous pressure on the region's natural resources, and overexploitation has eradicated species from many areas. Meghalaya harbors 3128 species of angiosperms which include 1237 endemic species and 53 threatened plant species (Khan et al. 1997) . The biodiversity of natural forests of Meghalaya has been studied by Tiwari et al. (1998) , Upadhaya (2002) , Jamir and Pandey (2003) and Tripathi et al. (2006) . However, biodiversity of agroforestry has not received due attention.
Betel leaf (Piper betle L.) is an important cash crop in India and Bangladesh with huge demand in the Middle East, Britain, Pakistan and some Africans counties (Haider et al. 2013 ). This huge market demand has acted as a driver for conversion of a large chunk of natural forests into betel leaf based agroforestry system in India, Bangladesh, Sri Lanka, Malaysia, Philippines and East Africa (Arambewela et al. 2005; Nath and Inoue 2009a) . Betel leaf is traditionally consumed with slices of areca nut and a thin coating of lime by people of South and South-east Asia, the Gulf States, and the Pacific islands (Nath and Inoue 2009b) . Betel leaf has a trade worth of INR 7000 million in India alone (Balasubrahmanyam et al. 1994) , where about 15-20 million people consume betel leaves on a regular basis (Jana 1996) . Jeng et al. (2002) reported that worldwide over 2 billion people consume betel leaf. However, in comparison to other land uses that replaces natural forest, traditional betel leaf agroforestry with diverse and structurally complex shade canopies are among the agricultural land uses that are more likely to conserve a significant portion of the original forest biodiversity as in this land use conversion the natural forests are never clear felled (Tynsong 2009 ). With a sustained increase of world betel leaf consumption and growing human population in many of the betel leaf consuming regions, pressures to intensify betel leaf production are likely to increase, which will result into more conversions of natural forests to betel leaf based agroforestry.
In Meghalaya, the farming of plant betel leaf (Piper betle L.) is done without cutting of naturally growing trees or burning of the field. Betel leaf grows along with trees, shrubs, and herbs on the same piece of land. During the first year after planting the betel leaf, the farmers prune the canopy of all trees except few important timber trees, fruit trees, and non-coppicing tree species. The cutting of tree branches is done, so the newly planted betel leaf grown at the base of the trees may receive enough sunlight and nutrients from the decaying leaves and branches of the lopped trees. After three to four months, most trees start sprouting again and after one year the whole plantation looks like a natural forest again. Important timber trees include Michelia cathcartii, Toona ciliata, Cedrela toona and Schima wallichii, fruit trees include Artocarpus heterophyllus, Gynocardia odorata, and Baccuarea sapida and non-coppicing trees include Macaranga peltata, Macaranga hypoleuca, Lithocarpus elegans and Ligustrum robustum. The process involved in the cultivation of betel leaf and management of betel leaf agroforestry in Meghalaya is similar to that reported for the Khasia tribes of Bangladesh as described by Saha and Azam (2004) and Haider et al. (2013) .
Other agroforestry systems viz., coffee, cocoa, and swidden cultivation have received considerable scientific and public attention for their ability to maintain biodiversity (Perfecto et al. 1996; Moguel and Toledo 1999; Schroth and Harvey 2007) , yet the same situation has not been found on betel leaf agroforestry systems. Only a handful of researchers from Bangladesh and Sri Lanka have reported biodiversity of betel leaf agroforestry systems (Alam and Mohiuddin 1995; Nath et al. 2003; Arambewela et al. 2005; Nath and Inoue 2009b) . In South Meghalaya, more than twenty thousand farmers are currently engaged in the cultivation of betel leaf on approximately fifteen thousand hectares of land. There is a noticeable gap in our understanding of the biodiversity of betel leaf agroforestry created and maintained by the local tribal communities of South Meghalaya. The objective of this study was to inventory the plant diversity of betel leaf agroforestry and to compare it with a nearby natural forest of the area.
MATERIALS AND METHODS

Study area
The plant diversity survey was conducted in one Natural Forest (hereafter NF) and one Betel Leaf Agroforestry (hereafter BLA) of South Meghalaya, India. The NF was located in Siatbakon Village (latitude 25 (Figure 1 ). Cherrapunjee-Mawsynram Plateau, one of the wettest places in the world is located in this region. The mean annual maximum and minimum temperatures are 23ºC and 13ºC, respectively. The mean annual rainfall is 11565 mm. The slope of the area is predominantly towards the south and the angle of the slope varies between 10º and 40º. The area has a large number of rivers and rivulets, which drain into the plains of Bangladesh. At the present times, narrow and deep river valleys separate one hill range from the other. The population density is sparse. Horticulture, forestry, and fisheries are the principal occupations of the people. Agriculture is limited to some small valleys where mainly tuber crops are grown. Areca nut, orange, betel leaf, jackfruit, bay leaf, honey and broom grass are the important products of the region. The area is inhabited by War Khasi people, a tribal community having a long tradition of forest conservation. People collect, process and market a large variety of non-timber forest products (NTFPs) and medicinal and aromatic plants (MAPs) such as Cinnamomum tamala, Piper peepuloides, Phrynium capitatum, bamboo, honey, mushrooms, nuts, wild tubers, edible worms, insects and leafy vegetables from the forests (Tynsong et al. 2012) .
Data collection
For plant diversity studies, an extensive survey was carried out during the months of January 2006 to October 2008. The data were collected once in every season of the year for a period of two years. Composition and structure of NF and BLA were determined within 100 m (1 m × 1 m) for herbs. The total sample area for each study site was 1 ha for the tree, 0.05 ha for shrub and 0.01 ha for herbs. Tree species with > 10 cm diameter at breast height (dbh) were individually counted, measured and numbered. The density and frequency of occurrence of the species per plot was also estimated. 
Data analysis
Plant specimens collected from the two forest types were identified with the help of Flora of Assam (Kanjilal et al.1934 (Kanjilal et al. -1940 and Flora of Jowai (Balakhrishnan 1981 (Balakhrishnan -1983 . The identifications were confirmed by consulting the herbaria at Botanical Survey of India, Northeastern Circle, Shillong, India. The nomenclatures of the species are as per the regional flora. Analysis of variance (ANOVA) and correlation coefficient values (r) was calculated using Statistica Version 6 (Serial no: BX1117619309D60).
Basal area: The basal area of each overstory tree was calculated using equation (1). The basal area values were then extrapolated to per hectare basis. Frequency, density, and abundance: The frequency, density, and abundance of the species were determined following the methods of Misra (1968) and MullerDombois and Ellenberg (1974) . The frequencies of occurrence were obtained to ascertain species abundance and species evenness. The following biodiversity indices were computed. (Shannon and Wiener 1963) was obtained by using Equation (5): Shannon-Wiener diversity index:
Where: ni : IVI of each species and N : total IVI Species evenness (E): Pielou's evenness index (Pielou 1975) was obtained by using equation 6.
Pielou's evenness index (E):
Where: ni : IVI of each species, N : total IVI and S : Number of species
RESULTS AND DISCUSSION
Plant diversity
In a natural forest, a total of 160 plant species were recorded out of which 75 were trees, 40 shrubs, and 45 herbs while in betel leaf agroforestry a total of 159 plant species, 94 trees, 17 shrubs and 48 herbs were recorded. A total of 34 tree species, 13 shrub species, and 14 herb species were present in both forest types. All the plant species encountered were native species (Table S1) . For shrub component, species richness, number of families and number of genera were significantly higher in NF as compared to BLA. However, for tree and herb components, number of families, number of genera and Shannon Diversity Index, there is a slight increase in BLA as compared to NF (Table 1) . The similarity between NF and BLA for trees, shrubs and herbs species was 43.34%, 37.93%, and 38.32 % respectively. The oneway analysis of variance (ANOVA) showed significant variation (P≤0.001) of tree, shrub, and herb between NF and BLA. The correlation coefficient values (r) were analyzed, it showed a positive significant correlation between tree (r = 0.87, P≤0.001), shrub (r = 1.00, P≤0.001) and herb (r = 1.00, P≤0.001).
Three dominant families of tree in NF were Lauraceae (11 species), Fagaceae (8 species) and Euphorbiaceae (8 species) while dominant families of tree in BLA were Euphorbiaceae (12 species) Lauraceae (12 species) and Moraceae (8 species). On shrubs, three dominant families in NF were Rubiaceae (9 species), Moraceae (4 species) and Poaceae (3 species) while in BLA they were Rubiaceae (6 species), Arecaceae (2 species) and Urticaceae (2 species). On Herb, dominant families in NF included Zingiberaceae (5 species), Rubiaceae (4 species) and Melastromaceae (4 species) while dominant families in BLA included Asteraceae (5 species), Rubiaceae (4 species) and Poaceae (3 species). We encountered 24 families of tree, 9 families of shrub and 9 families of herb present in both forest types.
Tree species with high IVI in each forest type were: Lithocarpus fenestatus, Lithocarpus elegans and Sarcosperma griffithii (NF); Duabanga grandiflora, Sarcosperma griffithii, and Ficus glomerata (BLA). The ten most important tree species in two forest types are given in Table 2 . A list of endemic (E) and rare (R) species found in both the forest types is given in Table 3 .
Main uses of plants in betel leaf agroforestry
All 94 tree species recorded in BLA were maintained by local people as supporting trees for betel leaf to grow. However, it was observed that most preferred tree species well supporting the growth of betel leaf include Artocarpus heterophyllus, Duabanga grandiflora, Ficus glomerata, Saraca indica and Sarcosperma griffithii. It was also observed that in BLA, local people preserved the plant species for various purposes. Based on the usage patterns, the plant species present in the BLA were grouped into ten broad categories of usage, namely as, (i) timber divided into: high value timber (HT) and low value timber (LT), (ii) fuelwood divided into: high value fuelwood (HFW) and low value fuelwood (LFW), (iii) edible stuff (E), (iv) medicinal stuff (M), (v) tool making stuff (T), (vi) ornamental stuff (O), (vii) craft (C), (viii) packing leaf (PC), (ix) latex producing plant (L) and (x) nonspecific use (NSU). Edible plants included: fruit, vegetable, and seed. In BLA as a whole, the usages were 21 as Timber trees (HT = 10 and LT = 11), 51 as fuelwood (HFW = 20 and LFW = 31), 15 as edible stuff, 17 as medicinal stuff, 40 with nonspecific uses and as making tools stuff, ornamental stuff, craft, spice stuff, packing leaf and latex producing plant for the rests with a total of 15 plant species (Table 4) . Melastromaceae E, R NF Note: NF-natural forest, BLA-betel leaf agroforestry, E-Endemic, R-Rare
Discussion
Tree species diversity and richness (H' = 4.10; 94 species) in BLA was higher than that in NF (H' = 3.87; 75 species). Also, herb species diversity and richness in BLA (H' = 3.68; 48 species) were higher than NF (H' = 3.55; 45 species). However, shrub species diversity and richness (H' = 2.70; 17 species) in BLA was slightly lower than that in NF (H' = 3.35; 40 species) ( Table 1) . A comparison between the tree species richness of BLA of South Meghalaya with other agroforestry systems shows that tree diversity of BLA was significantly higher (94 tree species) than cocoa agroforestry in southern Cameroon (21 tree species), betel leaf agroforestry in Bangladesh (61 tree species) (Nath et al. 2003) and betel nut agroforestry of (Sonwa et al. 2007 ) and slightly higher than the betel nut agroforestry of South Meghalaya (41 herb species) (Tynsong and Tiwari 2010) . Tree species in BLA are more diverse as compared to traditional agroforestry of Dellomenna District, Southeastern Ethiopia (H' = 2.53 to 2.73) (Molla and Kewessa 2015) , home garden of Thailand (H' = 0.9 to 2.7) (Gajaseni and Gajaseni 1999) and traditional agroforestry of Kerala in India (H' = 1.12 to 3) (Kumar et al. 1994 ) was marginally less than NF (52.26) (Table 1) . However, in comparison with other agroforestry systems, the BLA had higher tree basal area. For example, in cocoa agroforestry and mixed food crops agroforestry in Southeastern Ghana, the basal area was recorded at 8. Our results suggest that a better stock of forest tree species were maintained in BLA that that in the natural forest of the area. We also observed that the tree species such as Trema polytoria, Macaranga denticulata, Macaranga peltata, Adenanthera pavonina, Ficus roxburghii and Wrightia tomentosa were found only in BLA.
Furthermore, the light-demanding second story tree species such as Trema polytoria, Macaranga denticulata, and Macaranga peltata grow luxuriantly in BLA and were absent in NF due to the higher density of trees resulting into the lower sunlight. Higher herb species diversity in BLA may be attributed to the fact that it was dominated by light-demanding plants, specifically those belonging to Asteraceae, Rubiaceae, and Poaceae. Thus in BLA, the species composition of trees and herbs seem to be directly related to the availability of light. A similar finding was reported in traditional cocoa forest gardens by Bisseleua et al. (2008) . Decrease in number of shrub species in BLA could be explained by the traditional management practices of BLA by local people, such as by the weeding out of shrubs growing close to betel leaf plants twice a year by farmers, so the betel leaf have sufficient space and nutrients to grow. Even though in BLA, all tree species were maintained as supporting trees, we observed that high percentage of highly economical useful plant species are retained for the purpose. The preference for multipurpose tree species is understandable in the context that the owners of the agroforestry depend on such plants for timber, food, medicine and fuelwood (Tiwari et al. 2004 ). Motiur et al. (2006) also found that agroforestry in Bangladesh supply important forest products like fruit, fuelwood, timber and bamboo to meet household demands. Besides as supporting trees, tree species were maintained mainly for timber, fuelwood, and edible stuff purposes. Artocarpus heterophyllus, Cedrela toona, Duabanga grandiflora, and Schima wallichii are preferred timber trees, while Macaranga denticulata, Macaranga hypoleuca, Macaranga peltata, Quercus dealbata, and Quercus lanceofolia are most preferred as fuelwood trees. A total of 17 medicinal plant species were recorded in BLAs. BLAs are also the habitat for 14 endemic and 6 rare plants. Thus these manmade ecosystems serve the purpose of biodiversity conservation, at the same time they also provide goods and services to the local inhabitants.
Conclusion
The Betel Leaf Agroforestry harbors plant diversity comparable to the natural forests and provides habitat for endemic and rare plant and animal species. The land use change has a negligible impact on tree and herb diversity. However, it has a significant impact on density and diversity of shrub species. Betel Leaf Agroforestry of South Meghalaya is best-suited land use practice with minimal impact on plant diversity and forest community structure. We conclude that for a more robust study and conclusions regarding the impact of Betel Leaf Agroforestry on plant diversity, further research needs to be carried out across the region.
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